Background. Periodontitis has a complex etiology, with bacteria constituting the main etiological factor. It is not a classic infectious disease, because it is not caused by a specific pathogen. Instead, it is caused by a shift in the microbiological composition, so that the microorganisms, which physiologically inhabit the oral cavity, become pathogenic.
Periodontitis has a complex etiology, with bacteria constituting the main etiological factor. It is not a classic infectious disease, because it is not caused by a specific pathogen. Instead, it is caused by a shift in the microbiological composition, so that the microorganisms, which physiologically inhabit the oral cavity, become pathogenic. Moreover, bacteria are responsible only for initiating the disease, whereas tissue destruction depends on host defense, further modified by genetic and environmental factors. 1 The oral cavity is normally colonized by approximately 700 bacterial species.
2,3 Some of them remain in an unbound form, the so-called plankton, others colonize the surfaces of hard and soft tissues forming a biofilm. Despite such a vast diversity of species inhabiting the oral cavity, biofilm colonization by various species is not a random process. The order and degree of colonization demonstrate certain patterns. Socransky et al. isolated 40 bacteria and, on the basis of their metabolic preferences, divided them into 5 complexes conventionally marked with colors: yellow, purple, orange, red and green. 4 These complexes differ mainly in the pathogenicity of constituent bacteria and the order of tissue colonization. The best-described periopathogens include 3 
red complex bacteria: Porphyromonas gingivalis (P. gingivalis), Treponema denticola (T. denticola), Tannerella forsythia (T. forsythia) and one of the green complex -Aggregatibacter actinomycetemcomitans (A. actinomycetemcomitans).
The periodontal pocket is a reservoir of periopathogens. An increase of its depth leads to the change of the environment from aerobic to anaerobic and a change in metabolism conditions, which leads to a gradual colonization of subgingival biofilm by other bacterial species. According to Socransky, the composition of newly formed biofilm in gingival pockets 2-3 mm deep differs from that of mature biofilm in pockets 5 mm or 10 mm deep. 4 The issue that so far has not been clearly explained and attracts a lot of attention in current studies is the extent to which bacteria, in quantitative and qualitative terms, are responsible for the development of periodontitis. Furthermore, it is necessary to explain to what extent their presence or increased numbers results from the disease itself, i.e. the emergence of deeper periodontal pockets constituting a perfect niche for development. Moreover, there is another valid question of high clinical importance: whether the occurrence or increased numbers of specific bacterial species vary depending on the form of periodontitis. The possibility of differentiating particular forms of periodontitis by specific bacteria identification would be a great facilitation in clinical practice as there are no explicit criteria that determine the diagnosis. Yet, recent studies are inconclusive whether the presence and number of specific bacteria is related straight to each periodontits form or is it just an effect of the emergence of deep periodontal pockets.
The aim of the study was to assess the total number of bacteria as well as the presence and number of various species depending on the periodontal pocket depth and on diagnosis.
Material and methods
The study group consisted of 60 individuals referred to the Department of Periodontology in Warszawa between October 2013 and December 2014. The patients were divided into 2 groups depending on the diagnosis -30 patients with chronic periodontits (CP) and another 30 patients with aggressive periodontits (generalized AgP). The diagnosis was based on clinical and radiological examination according to AAP classification. 5 Inclusion criteria for the study were: active, untreated periodontitis and presence of at least one pocket 5 mm deep and one periodontal pocket of 7 mm or deeper. Exclusion criteria for the study were: a coexisting general disease that might affect the course of periodontal disease, chronic intake of drugs that could modify the course of periodontal disease (antibiotics, steroids, anti-inflammatory, immunosuppressive and antiepileptic drugs, calcium channel blockers) within 6 months prior to the study, pregnancy, smoking (both active and past), current orthodontic treatment, scaling within 6 months prior to the study, and topical application of antibacterial or bacteriostatic agents within 6 months preceding the study.
The study group included 26 males and 34 females. Among the patients diagnosed with generalized AgP, 70% were females, while among the subjects with the CP, 43.3% were females. The mean age was 30.7 years, and 56.9 years for patients with generalized AgP and CP, respectively.
The study consisted of a clinical and a laboratory examination. The clinical part included general and dental history, periodontal measurements including hygiene indices -Plaque Index (PI), and API, bleeding index -BOP, pocket depth -PD, clinical attachment level -CAL, and samples of microbiological material from selected periodontal pockets. [6] [7] [8] The bacterial DNA testing from the gingival cervical fluid (GCF) using real-time polymerase chain reaction (PCR) was performed. Ready-made PET diagnostic kits by MIP Pharma (PET ® Plus Kit, MIP Pharma, Germany) consisted of sterile paper-points, color-marked vials and transport box. According to the manufacturer's recommendations, after isolating the examined pockets from, dental plaque was removed from the gingival margin with a cotton swab, then the area was dried. Sterile tweezers were used to place one paper-point in each of the 2 selected periodontal pockets, one 5 mm deep, the other ≥ 7 mm deep (the deepest one for the patient was chosen). The paper-points were placed full depth in periodontal pockets for 20 s, then removed and immediately packed in individual, labeled vials and later sent to the manufacturer's laboratory.
The laboratory part of the examination aimed at a quantitative and qualitative identification of bacteria in the collected material. Using polymerase chain reaction (Real Time PCR) the total bacteria count in the sample and the numbers of an individual species, selected for purpose of the study (P. gingivalis, T. denticola and A. actinomycetemcomitans), were recorded. 
Results

Results of periodontal examination
Depending on the diagnosis, statistically significant differences concerning patients' gender and age were observed. Seventy percent and 43.3% of the patients were females among with generalized AgP and CP, respectively. The mean age of patients with generalized AgP was significantly lower (30.7 years) compared with patients with CP (56.9 years). Statistically significant differences in the average PI and API indices were observed between generalized AgP and CP groups. These values were significantly lower among patients with generalized AgP (PI: 86.2%, 61.9% in CP, API: 93.8% in generalized AgP, 74.4% in CP).
Mean values of BOP and PD measurements demonstrated no significant differences between patients with generalized AgP and CP, whereas mean CAL was significantly higher in patients with CP, when compared with generalized AgP (4.7 mm and. 3.4 mm, respectively).
Significant differences were observed between the total number of teeth. In the patients with CP the median was significantly lower (22 teeth) compared to patients with the generalized AgP (29 teeth) ( Table 1) .
Results of microbiological assessment
No statistically significant differences were noted between the total number of bacteria depending on the PD, both for the entire study group as well as for individual CP and generalized AgP groups. High variability of this parameter was observed in all groups ( Table 2 ).
The presence of Porphyromonas gingivalis was observed in 44 (73.3%) patients (in 53.3% of patients with generalized AgP and in 93.3% of patients with CP). The differences were statistically significant. In pockets of 5 mm and pockets ≥ 7 mm, the occurrence of P. gingivalis was significantly more frequent among patients with CP (80% and 86.7%, 43.3% and 53.3% in generalized AgP). However, there were no significant correlations between the prevalence of P. gingivalis and the pocket depth in the entire study group, as well as in the generalized AgP and in CP groups. The presence and number of P. gingivalis was significantly higher in patients with CP, both in pockets 5 mm and ≥ 7 mm deep (on average 123.1 and 157.4 × 10 3 , 72 and 139.9 × 10 3 in generalized AgP). None of the study groups demonstrated any correlation between the number and the depth of pockets (Table 3) .
The presence of T. denticola was observed in 54 (90%) of all patients. The occurrence was comparable between CP and generalized AgP patients, whereas there was no correlation with PD. Among patients generalized AgP, the number of T. denticola was statistically significantly higher in deep pockets (28.8 × 10 3 and 0.43% vs 32 × 10 3 and 0.58%) ( Table 4) . The presence of A. actinomycetemcomitans was found only in patients with generalized AgP. The number of A. actinomycetemcomitanswas statistically significantly higher in pockets 5 mm deep (Table 5 ).
Discussion
The role of bacteria in the etiology of periodontitis is undeniable. They influence the periodontal tissues directly (by the use of toxins) and indirectly (by the immune system activation). It is proven that some bacteria species occur in higher numbers in patients with periodontits. Recent studies reveal that different types of bacteria may occur in different forms of the disease. It is still not certain whether bacterial spectrum changes due to the pocket depth and has no relation to the form and stage of the disease or if the occurrence and number of particular microorganisms are precisely related with the diagnosis. The link between the type of periodontitis and bacteria species could be an important diagnostic tool. Characteristics of the study group reflect the criteria used to distinguish chronic and aggressive periodontitis. The average age of patients with aggressive periodontitis was statistically lower than in patients with chronic form (respectively 30.9 and 56.9 years). Faveri et al. also observed statistically significant differences between the age of patients with aggressive and chronic periodontitis, reporting the mean values of 25.2 and 42 years respectively. 9 Riep et al. reported that the average age of patients with aggressive and chronic periodontitis was 34.4 and 55.2 years, respectively. 10 These results indirectly confirmed the typical, early onset of aggressive periodontitis. The age at the onset, although not considered in the official primary and secondary characteristics, constitutes an important parameter for the diagnosis and differentiation of aggressive periodontitis. Certainly, it cannot be the single criterion for making the diagnosis, because it is not always possible to determine the age at the onset of symptoms, and the patient's age at the time of examination has no diagnostic value. It is necessary to analyze other clinical parameters, which together constitute the clinical picture of the disease. Significant differences in the oral hygiene indices confirmed that the oral hygiene might be a key parameter differentiating chronic and aggressive periodontitis. Important differences referred to both simplified plaque index and to approximal plaque index, achieving significantly lower average values among patients with generalized AgP. The concurrent lack of differences between mean values of PD and BOP and between individuals with CP and generalized AgP confirmed different ethiopathogenesis of these two forms. Similar values of parameters indicating active inflammation, despite significant differences in the status of oral hygiene, emphasized a major role of the immunoinflammatory response in the course of aggressive periodontitis. They also confirmed that one of the primary features of generalized AgP, oral hygiene disproportionate to the severity of the disease, is a characteristic of real diagnostic value. These findings were reflected in studies by other authors. 9, 11 No reports on significant differences regarding CAL in generalized AgP and CP groups have been previously described in the literature. In the study, statistically significant differences in CAL between individuals with CP and generalized AgP were most likely associated with disease duration. This relationship was statistically insignificant (p = 0.815 and p = 0.0006) after adjusting for age in multivariate analysis. This means that after adjusting for age, the mean CAL did not vary depending on the diagnosis.
Significant differences regarding the gender of patients (43.3% of females in the CP group and 70% of females in the generalized AgP group) may suggest a higher prevalence of the aggressive form in women. Only a few studies confirmed this relationship. In 2002 Cortelli et al. studied 600 patients with generalized AgP and observed a positive correlation between females and the prevalence of generalized AgP. 12 The American Academy of Periodontology did not include the gender among the criteria established for generalized AgP, and most studies denied such a relationship. 9, 11 The group of patients in this study was, however, too small to permit conclusions of epidemiological nature. The fact that 70% of individuals with diagnosed generalized AgP were females might indicate higher health awareness and better care of oral hygiene when compared to men, especially since they were individuals under 37 years of age, with relatively good oral hygiene, and periodontal tissue destruction was largely a result of immune response disorders. In patients with CP, the major cause of the disease is hygienic negligence. It can be assumed that significant differences regarding gender concerned not so much the presence of particular forms of periodontitis, but rather the need of female patients to be treated.
An analysis of microbial composition in periodontal pockets in patients with CP and generalized AgP did not lead to clear conclusions that could constitute the basis for the differentiation of these two forms.
An assessment of the total number of bacteria in a selected periodontal pocket has no diagnostic value. No significant differences were observed in the numbers of bacteria depending on the pocket depth and on the diagnosis. Moreover, high values of standard deviation, sometimes exceeding the mean values twofold, proved that the variability of bacteria between patients was very high. This means that the total number of bacteria in the subgingival biofilm was typical neither for a specific pocket depth nor for particular forms of periodontitis, but rather constituted an individual feature of the patient. Although the total number of bacteria in pockets ≥ 7 mm among patients with CP appeared to be higher compared to patients with generalized AgP (13035 × 10 3 in CP, vs 8188 × 10 3 in generalized AgP), high variability of these values did not permit us to establish statistical significance.
Previous studies pointed out that initiation and progression of periodontitis was not related to the overall increase in the number of bacteria but to an imbalance in the microbial composition, which was individual for each patient. 13, 14 Recent studies emphasized a special role not of bacteria and not of an increase in their number, but in their percentage, i.e. in the change of proportions of the microbial composition. In the present study, numerous significant correlations were observed between the presence and the number of individual periopathogens depending on initial diagnosis, as well as on the pocket depth.
The presence of particular pathogens was not related to the pocket depth; it was comparable in pockets both 5 mm and ≥ 7 mm deep. Similar findings were reported in a study on 58 patients. 15 A similar occurrence of specific pathogens in pockets ≥ 4 mm was observed: T. denticola in 82.7%, P. gingivalis in 72.4%, and -least frequently -A. actinomycetemcomitans in 29.9% of individuals. In a study on 34 patients with periodontitis and pockets deeper than 5 mm 16 . T. denticola was observed in 88.2%, P. gingivalis in 50% of patients, whereas A. actinomycetemcomitans in 23.3% -and it was also the least frequent of all selected bacteria. Another study reported A. actinomycetemcomitans in 93% of patients. Low detection of A. actinomycetemcomitans in patients with generalized AgP in the present study might be associated with the bacterial ability to penetrate epithelial and connective tissue. 17 It may also be attributed to the phenomenon of false negative reading, typical for microorganisms with low occurrence (in case of a small number of examined samples). 18 A significant difference in the occurrence of periopathogens was observed depending on the diagnosis. P. gingivalis was detected significantly more frequently among patients with CP (93.3%, 53.3% in generalized AgP).
A. actinomycetemcomitans was found only in patients with the generalized AgP, but the presence of this pathogen was observed only in 11 of 30 (36.7%) individuals with generalized AgP. The presence of the T. denticola species was comparable in both groups of patients.
In another study, significantly higher incidence of A. actinomycetemcomitans among patients with generalized AgP was found; however, no difference was observed between the presence of P.g. and T. denticola among groups. Another study confirmed a higher incidence of P. gingivalis among patients with CP and of A. actinomycetemcomitans in patients with generalized AgP, whereas there was no difference in the incidence of T. denticola between two groups of patients. 10 The authors also emphasized that the pocket depth had a much more significant impact on the occurrence of these pathogens than the form of periodontitis. These correlations were observed especially for P. gingivalis and T. denticola, and the only pathogen whose presence was not dependent on the pocket depth was A. actinomycetemcomitans In the present study, no correlation between the occurrence of any of the tested pathogens and the pocket depth was found.
Although other reports confirmed a significantly higher occurrence of A. actinomycetemcomitans in generalized AgP, it was also observed (although less frequently) in patients with CP., unlike in this study. Mombelli et al. found that in 8 of the 11 studies there was an association between the presence of A. actinomycetemcomitans and aggressive periodontitis, and in only 7 of them an absence of A. actinomycetemcomitans in CP was reported. 20 Sanz et al. compared a group of 61 patients with CP, 31 individuals from Spain and 30 from the Netherlands. 21 The results of the study showed significant differences between the groups in terms of the presence of particular bacteria. P. gingivalis was observed significantly more frequently in individuals from Spain, whereas A. actinomycetemcomitans in Dutch patients. Furthermore, a significantly higher incidence of A. actinomycetemcomitans among patients with generalized AgP does not constitute a rule (36.7% according to own research, 47% according to Kowalski) . 19 Differences in the composition of biofilm may also be associated with race, age or geographical location. In different parts of the world there are significant differences in the microbial composition of periodontal pockets. Therefore, detecting A. actinomycetemcomitans in a diagnosed patient does not permit an explicit identification of aggressive periodontitis. Also, the absence of this pathogen in the tested pocket may not be the basis for excluding generalized AgP.
Results of other studies related to the relationship between the number of individual bacteria and the form of periodontal disease primarily confirm more numerous presence of A. actinomycetemcomitans in the course of aggressive periodontitis. 11, [22] [23] [24] Many reports also confirmed a greater number of the pathogen in periodontal pockets not exceeding 6 mm compared to deeper pockets, which is consistent with the results of this study. 9, 11, 12, 25 Presumably Aggregatibacter actinomycetemcomitans is not sufficiently resistant to conditions prevailing in deep periodontal pockets and to competition of other periopathogens. 9, 26 This confirms the assumption that A. actinomycetemcomitans is primarily responsible for starting the disease, whereas its progression involves a broader bacterial spectrum. These findings also have clinical significance. This information should be considered when taking material for microbiological tests, and instead of collecting material intuitively from the deepest pockets, it is worthwhile to take an aggregate sample which would also include pockets not exceeding 6 mm.
Recent studies emphasized that the number of individual periopathogens, which increases with the severity of periodontal disease, was not related to the form of the disease but resulted from the increasing depth of periodontal pockets and their internal conditions which are favorable for some species and unfavorable for others, and from immune response of the host. 9, 10, 27 The present study did not support this theory. The results permit us to assume that the number of bacteria is a value that primarily depends on the patient's predispositions. An assessment of an objective number of bacteria responsible for the onset and progression of periodontal disease is not possible, as it is individual for each patient. While a given number of pathogens will result in increased immune response and large inflammation in one patient, in another it will remain a subthreshold value, not leading to the formation of periodontitis, or leading to its less severe form. Microbiological testing of the subgingival biofilm in the diagnosis and differentiation would undoubtedly gain more value if extended to studies related to antibodies to selected bacteria. This does not mean that microbiological tests themselves have no diagnostic value -certainly, they allow for more accurate selection of chemotherapeutic agents, both topical and general.
Concluding, the bacterial spectrum and count are not directly related to the pocket depth, so it is not only an effect of the disease progression. Although some relations between bacterial species and particular forms of periodontitis have been observed, they cannot constitute the basis of the diagnosis and differentiation.
